Abstract The objective of this study was to characterize and compare individual and sexual network characteristics of Black, White, and Latino young men who have sex with men (YMSM) as potential drivers of racial disparities in HIV. Egocentric network interviews were conducted with 175 diverse YMSM who described 837 sex partners within 167 sexual-active egos. Sexual partner alter attributes were summarized by ego. Descriptives of ego demographics, sexual partner demographics, and network characteristics were calculated by race of the ego and compared. No racial differences were found in individual engagement in HIV risk behaviors or concurrent sexual partnership. Racial differences were found in partner characteristics, including female gender, non-gay sexual orientations, older age, and residence in a high HIV prevalence neighborhood. Racial differences in relationship characteristics included type of relationships (i.e., main partner) and strength of relationships. Network characteristics also showed differences, including sexual network density and assortativity by race. Most racial differences were in the direction of effects that would tend to increase HIV incidence among Black YMSM. These data suggest that racial disparities in HIV may be driven and/or maintained by a combination of racial differences in partner characteristics, assortativity by race, and increased sexual network density, rather than differences in individual's HIV risk behaviors.
Introduction
Young men who have sex with men (YMSM) are disproportionately infected with HIV/AIDS in the U.S [1] . Unlike other groups where the number of new infections has been declining or stable, from 2008 to 2010 the number of new HIV infections increased by 22 % among MSM aged 13-24 years [2] . In 2010 the greatest number of new infections among MSM occurred in Black MSM aged 13-24 years, who accounted for 45 % of new infections among Black MSM and 55 % of infections among YMSM overall [2] . Data from 18 to 24 year old MSM in the CDC's 2008 National HIV Behavioral Surveillance system (NHBS) study conducted in 21 U.S. cities produced estimates of HIV prevalence and incidence among Black YMSM of 16.5 and 5.1 %, respectively, compared to 6.2 and 1.6 % for White YMSM [3] .
Paradoxically, Black YMSM have not been found to engage in more HIV risk behaviors; compared to other racial groups they report similar or higher rates of condom use, fewer sexual partners, and less substance use [4] [5] [6] [7] [8] , paralleling results among adult MSM [9] [10] [11] . As such, disparities in HIV prevalence cannot be explained by individual risk behaviors and instead have been hypothesized to be attributed to sexual network structural and geospatial factors, although published data directly examining these questions are limited, particularly among YMSM [1, 4, [12] [13] [14] [15] .
Empirical and modeling studies have identified features of networks that create conditions for rapid spread of infections and are therefore candidates for either creating and/or maintaining racial disparities among YMSM. First, modeling studies have shown that very small differences in rates of concurrent relationships (i.e., multiple sexual partnerships that overlap in time) in a population have exponential impacts on population STI prevalence [16, 17] . The exact operationalization of concurrency has varied somewhat across studies in terms of the required proximity of sexual encounters to be classified as concurrent (e.g., date of first sex with one partner preceded the date of last sex with a different partner [18] , both partnerships occurred within 3 weeks [19] ). Studies of MSM have associated concurrency with STI diagnoses [20, 21] , but tests for racial differences in concurrent sexual partnerships have produced inconsistent results [19, 22] .
A second key feature of networks is assortative mixing-or the tendency to have sex partners from one's own group. Assortative mixing by race-or the tendency to have sex partners from one's own racial group-can amplify and sustain long-term prevalence differentials that arise from other social, behavior, or biological average differences between racial groups [16, 23] . When assortative mixing is high, particularly in a relatively small population with high HIV prevalence, HIV can be rapidly transmitted to a large proportion of that population, thereby magnifying and sustaining disparities in incidence [24] . Studies have found the highest levels of racial assortativity among Black MSM in both adults [13, 25, 26] and youth [4, 5, 27] . Assortativity by race has been tested using a number of statistical procedures depending on the design of the particular study, including the odds ratio of a partner being of the same race relative to another race [4] , a coefficient of assortativity based on the matrix of partnerships among racial groups [28] , or the percentage of sexual partners who are of the same race calculated for each racial group [25] . The latter approach may consider an adjustment for the background racial distribution in the community to more clearly test if partnering is random or assortative (i.e., if 30 % of men in a community are Black then random partner selection would mean 30 % of partners in all racial groups would be Black). Assortative mixing by age is also important to HIV dynamics. For example, in African girls, having older male partners increases the odds of being HIV infected by as much as 60 % [29] [30] [31] . One study found sex between young and older Black MSM was more likely to be unprotected compared to other race and age pairings [5] . Since adult Black MSM have the highest domestic HIV prevalence (estimated at 28 % [32] ), such couplings potentiate HIV transmission to Black YMSM [5, 11, 27, 33] . Essentially these dyadic and network phenomena set up a dynamic where high prevalence in adults increases incidence in youths [34] . Of course it is important to recognize that the average age difference between partners in a full census of a population will be zero, as the difference in age in a couple with an older and younger member will be canceled out when both are part of the population being studied. The absolute value of the age differences can also be examined, with important implications for disease transmission-wider gaps can create more contact across ages with different HIV prevalence, and thus facilitates transmission to the group with lower prevalence-in this case, younger MSM. With the current study's focus on YMSM, by design we do not have a population sample of MSM of all ages. Therefore, positive differences in the mean age difference with partners would reflect a tendency of these YMSM to have partners older than themselves.
A third important aspect is network topology, the overall structure of the network connections, which has been shown to heavily influence disease spread [15, 35] . One aspect of network topology is sexual network density, which assesses overall network connectedness, and is operationalized as the proportion of actual sexual ties among people from all possible sexual ties. Where sexual networks are denser there are more opportunities for transmission [36] . Social network density has been examined among drug using adults and found to be associated with increased injection drug use [37] , but to our knowledge there are no published reports of sexual network density among YMSM. Multiplexity represents the overlap in types of relationships (i.e., sex with friends or drug use with sex partners). Having sex with friends could increase risk due to the perception of familiarity and trust associated with less condom use among YMSM [38] or could impact other aspects of the structure of sexual networks (e.g., density) [39, 40] . Alternatively, multiplexity could decrease risk by diffusing safe-sex norms through social networks [41] , however prior studies of social network composition and HIV risk behaviors have produced mixed results [41] . Groups with greater tendencies towards overlap among sex and drug partners are likely to be at higher risk for HIV given the greater likelihood of unprotected sex during drug use [42, 43] .
Geographic factors are also important considerations when considering racial disparities in HIV [44] . Neighborhoods often differ greatly with regard to the socioeconomic status and race/ethnicity of their residents, but also can have very different HIV prevalence [44, 45] . In Chicago, HIV prevalence varies by as much as 30 times across community areas, with the highest prevalence in neighborhoods traditionally gay-identified and with high concentrations of Black residents [46] . The association between neighborhoods and HIV has been linked to general neighborhood factors like disadvantage, disorder, and collective efficacy as well as more HIV-specific neighborhood factors like the number of HIV testing programs and gay acceptance [12, 44] .
Despite being frequently hypothesized as drivers of racial disparities in HIV among YMSM, geographic and sexual network characteristics have received very little empirical investigation. Moreover, most prior studies of networks among MSM have focused on social networks rather than sexual networks, and to our knowledge no prior study has examined sexual, social, and drug networks simultaneously along with geographic residency of sexual partners. We conducted an egocentric network interview with YMSM to characterize these network characteristics and examine their possible role in racial disparities in HIV by comparing the network characteristics of Black, White, and Latino YMSM.
Methods

Participants
Participants (N = 175) from Crew 450, an ongoing longitudinal study of syndemic development YMSM, were selected based on the timing of their study visits to participate in this network substudy. Baseline eligibility criteria for Crew 450 included: 16-20 years old, born male, spoke English, had a sexual encounter with a male or identify as gay/bisexual, and available for follow-up for 2 years. Participation for this network study occurred during the 12-or 24-month follow-up visits of Crew 450 (June 2011-October 2012). A total of 204 parent study participants were contacted about partaking in the network substudy, of which 179 (88 %) agreed to participate. However, two participants never showed up for their scheduled appointment and two enrolled, but subsequently withdrew. Eight participants reported never having a sex partner and thus were excluded from these analyses. The demographic characteristics of egos (n = 167) and sex partners (n = 837) can be found in Table 1 . The study protocol was approved by the Institutional Review Board and participants were compensated $25.
Procedures
An egocentric interview gathered information on respondents' relationships with their alters-persons with whom they had a social, sexual, or substance using connection. Participants were asked to: enumerate all alters, describe characteristics of alters, and portray connections between alters. Adapted from the work of Hogan [47] , interviewers utilized a two-step approach of completing a pre-numbered list to enumerate alters and to capture alter characteristics, and then a participant-aided sociogram to elicit respondents' reported connections between alters. Detailed information on procedures can be found elsewhere [48] . 
Measures and Estimation of Network Parameters
Name Generator
We first elicited a list of the first and last names of individuals with whom participants had supportive relationships via five name generating items. Participants were then asked which individuals on that list they had ever ''used drugs or alcohol with'' or ''had sex with.'' Then participants were asked to name anyone else that they had not yet listed that they had ever ''used drugs or alcohol with'' or ''had sex with.'' Finally, participants were asked if there was anyone that they had not yet listed who had ''used drugs or alcohol'' or ''had sex with'' two or more of the people on their list. After the list of names of alters was generated, demographic characteristics (age, race [mutually exclusive], gender, perceived sexual identity, cross-streets or neighborhood of residence), characteristics of the relationship (frequency of contact, strength of relationship, and relationship type), and behaviors with that person (first and last dates of sexual contact) were obtained. Detailed sexual behavior (type of sexual contact, frequency of sexual contact, condom use) was only obtained about sexual partners from the prior 6 months. In addition to the above measures, HIV and STI (gonorrhea and Chlamydia) test results were drawn from the Crew 450 parent study. For these analyses, only alters who were indicated to have had sex with the participant were deemed to be part of the sexual network (n = 837).
Relationship Type
Relationship type was coded from an item which listed 28 different categories (e.g., Mother, Boyfriend, Teacher). Participants were able to assign up to two relationship types and to choose ''Other'' and provide their own description. Sex partners that were labeled as either boyfriend, girlfriend, partner, ex-boyfriend, ex-girlfriend, or another similar term such as ''my boo'' were coded as Main Partners. Sex Partners that were not coded as Main Partners and were labeled as a friend were coded as Friend. Sex Partners that met neither of these criteria were labeled as Non-Main/Non-Friend.
Concurrency
For each partner, the ego indicated the start and end dates of sexual contact. Using those dates, concurrency was defined when a partner's sexual relationship overlapped with another sexual partner.
High HIV Prevalence Neighborhood
Using 2011 data from the Chicago Department of Public Health, neighborhood HIV rates were calculated by determining the number of males aged 15-24 who are currently living with HIV infection per 100,000 for each of Chicago's 77 neighborhoods [49] . Neighborhoods were then ordered in lowest to highest prevalence rate, and neighborhoods in the top 25 % were considered high prevalence (over 628.9 per 100,000 males aged 15-24) and alters were coded accordingly. Sex partners who lived outside of Chicago (33.0 %) or had missing locations (11.9 %) were coded missing.
Density
The density of a network is the proportion of possible ties that are present. Following other studies for the assessment of local network density [50, 51] , density of each sexual network was calculated by summing the number of sexual connections observed between the ego/ alter and alter/alter pairs, and then dividing by the total number of possible pairs given the number of support, sex, and substance connections that were reported by each ego.
Multiplexity
Multiplexity was calculated by determining the extent of overlap between multiple networks (e.g., sex, support, and drug) [50] . Correlations between the sexual network and both the drug network and support networks were calculated by utilizing the QAP correlation function within UCINET [51] , which estimates the association between the observed matrices and uses quadratic assignment procedures to estimate standard errors [51, 52] .
Assortativity by Race
Newman's assortativity coefficient (AC) was calculated from the racial mixing matrix, a matrix comprised of the proportion of sexual relationships between Black, White, Hispanic, and Other Egos and Alters [53] . AC ranges from 1.0 to -1.0, with 1.0 indicating that Egos only have sexual partnerships with individuals of their same race, -1.0 that Egos only have sexual partners of a different race, and 0 indicating that sexual partnerships are not influenced by race. In order to consider the influence of differing proportions of racial/ethnic groups within Chicago in our estimation of assortativity, we also calculated a ratio of racial concordance to census proportion (RCR) by racial group by dividing the observed proportion of sexual partners by race by the census proportion of that group. The census proportion was derived from the racial/ethnic breakdown of 18-24 year olds from the 2010 census data for Chicago [54] .
Analyses
To describe network differences by race, continuous demographic variables were analyzed using t-tests and categorical variables using v 2 tests. To test the significance of differences among means for multiple groups, analyses of variance (ANOVAs) were used.
Results
Alter characteristics by ego race are shown in Table 2 . Black YMSM were significantly more likely to have sex partners whom they identified as a main partner and to report strong relationships with their sex partners, while White and Hispanic YMSM were more likely to report weak relationships with their sexual partners. Our analysis found that, although no age differences by race were found within our YMSM participants (p = 0.86), Black and Latino YMSM on average had sexual partners who were approximately two and a half years older than them, whereas White youth tended to have partners who were on average approximately one year older. There were no significant racial/ethnic differences in having concurrent sexual relationships. Black YMSM had a significantly greater proportion of their sexual partners from high HIV prevalence neighborhoods than Latino, White, and Other YMSM.
No significant differences by race were found in the number of sex partners in the past 6 months, number of unprotected vaginal or anal sex partners, or the percent of egos having any unprotected sex (Table 3 ). Sexual network density was then examined by race and significant differences were found (p \ 0.01) across all groups. Tamhane posthoc comparisons indicated that Black YMSM (p \ 0.001) and Latino YMSM (p \ 0.05) had significantly denser sexual networks than White YMSM. Based on conventional criteria for Cohen's d (differences in means divided by standard deviation), these density differences are medium effect sizes [55] . YMSM were likely to show multiplexity in their sexual relationships (i.e., overlapping sex/drugs and sex/support networks). On average both sex and drug networks (r = 0.38) and sex and support networks (r = 0.13) were significantly associated (ps \ 0.01). Sex partners were more likely than non-sex partners to be either drug partners or to be support network members. However, no significant racial differences were found for either sex and drug or sex and support multiplexity.
Racial mixing was assortative (AC = 0.58), with most egos reporting sexual relationships with individuals of the same race. Patterns of mixing by race/ethnicity are shown in two ways in Table 4 : the percentage of participants' (rows) sexual partners (columns) that were the same race and also the ratio of RCR. Estimates for same-race partnering are highlighted in bold. For example, Black egos reported that 82 % of their sexual partners were Black while only 4.3 % were White. Latinos had the lowest concordance for race/ethnicity of sexual partners (56.1 %). The RCR statistics similarly showed that all racial/ethnic groups were significantly more likely to have partners of their own race compared to census distributions for that racial group (e.g., 82 % of Black participants partners were also Black relative to 29.9 % of young men in Chicago are Black). While the percentages suggest the lowest concordance for Latino YMSM, the RCR, which accounts for group distribution in the populations, produces different results; relative to the number of Latino young men in Chicago, Latino YMSM are most likely to assort by race/ ethnicity.
To help visualize these racial/ethnic differences in sex networks, Fig. 1 displays all egocentric networks by race/ ethnicity of participants. The race/ethnicity of sexual partners is indicated by the shape of the node.
Discussion
This study presents a novel examination of racial/ethnic differences in sexual network characteristics among YMSM that have previously been found in modeling and empirical studies to create or maintain STI disparities between groups. We examined these differences as putative drivers of racial disparities in HIV among YMSM-disparities that have previously been unexplainable by studying individual behaviors [4] [5] [6] [7] [8] [9] [10] [11] . Consistent with prior studies that found Black MSM report the same or lower levels of engagement in HIV risk behaviors compared to other racial/ethnic groups [4] [5] [6] [7] [8] [9] [10] [11] , we found no significant racial/ethnic differences in engagement in HIV risk behaviors (i.e., number of sex partners, number of unprotected sex partners, engagement in unprotected sex). This null finding further confirmed the need to test hypotheses that the increased incidence in HIV among Black YMSM is driven by sexual network factors and/or partner characteristics rather than individual behavior [1, 4, 12, 13] .
Increased engagement in sex with older partners has been hypothesized to be a driver of elevated HIV incidence among Black YMSM [5, 27, 34, 56] . Black and Latino YMSM had sex partners that were significantly older than partners of White YMSM. Given that HIV prevalence escalates with age among MSM [32] , having an older partner increases the per partner risk of HIV exposure. Studies have also shown that for YMSM, having older partners increases the odds that sex will be unprotected, and the effect is largest for Black YMSM relative to other racial/ethic groups [5, 27, 38] . One study also found that the increase in condomless sex was when the older partner was in the insertive rather than receptive role [6] -the sexual positioning that produces the greatest risk for transmission to YMSM. Taken together, these findings indicate a dynamic that has been referred to as an ''intergenerational chain of transmission'' where a high prevalence cohort of older males infects a newly sexually active cohort of young men, who may eventually transmit to other younger men [16] . The causes for these racial/ethnic difference in partner age are poorly understood, although one study suggests they may be partially driven by increased need for emotional, social, and instrumental support provided by older men among youth of color [57] .
Alternatively, it could be driven by lack of accessible same-age partners in the social settings where they are primarily embedded [58] . For example, schools may have few out gay/bisexually identified young men and individuals under age 21 cannot access bars/clubs that serve as in person venues for meeting other MSM. This may be changing with the increased use of geospatial sociosexual networking apps, but at the time these data were collected such apps were just beginning to be used.
HIV prevalence among young men varies dramatically by neighborhood in Chicago [46] and therefore on a population-level, sexual contact with a partner from a high prevalence neighborhood will tend to increase the odds of HIV exposure during unprotected sex relative to a partner from a low prevalence neighborhood. In this study, we matched each sex partner's neighborhood of residence to the HIV rates for young men in that neighborhood and compared the percentage of partners from high prevalence areas by race/ethnicity. We found a dramatic difference, with 39.4 % of partners of Black YMSM living in the highest HIV prevalence areas, whereas for White and Latino YMSM it was 5.4 % and 8.5 % respectively. This association is unsurprising, as HIV rates are higher in Chicago neighborhoods with higher concentrations of Black residents [46] , and given assortativity by race we would expect Black YMSM to have more partners from these neighborhoods. This illustrates the tautology or circularity that is often present in attempts to identify factors that create racial disparities among young people when long-standing patterns of discrimination and segregation are critical, yet difficult to measure with these designs and incorporate in these analyses. Yet the magnitude of these differences starkly demonstrate the need for focused sociogeographic interventions to reduce HIV transmission and improve HIV medical care [44, 59] . Additionally, while decomposing this complex problem into several distinct analyses of hypothesized mechanisms may detect significant main effects, we are unable to parse out the entangled effects of race and neighborhood from each other. However, empirical observations such as these gathered within our study may inform systems science approaches which are better able to disentangle these complex phenomenon [60] . Local sexual network density was another factor that differed by race/ethnicity and according to conventional effect size standards, the difference between racial/ethnic minorities and White YMSM were medium in size. Although Black YMSM do not form more sexual ties on average, our results indicate that the ties that are made are more likely to ''close the triangles'' or to be transitive. Said another way, Black individuals may be more likely to have local clustering of their sexual partners. To better illustrate this, we are including two example network figures (Fig. 2) . Despite similar numbers of nodes and ties, Network 1 displays very little local clustering (no triangles), while Network 2 displays strong network clustering (3 triangles). With the number of overall sexual partnerships constant, denser sexual networks indicate that individuals in a network are reachable by fewer numbers of sexual ties, which facilitates efficient communicable disease transmission. Additionally, local clustering concentrates the likelihood of successful HIV transmission within short distances, while making it less likely that HIV transmission will occur over long distances [36, 61] . As such, the higher density of sexual networks among minority YMSM will tend to increase HIV transmission rates even in the presence of similar norms for unprotected sex. While this is a risk for HIV transmission, it may also present an opportunity for efficient dissemination of prevention methods through Black YMSM sexual networks.
The mechanisms that might cause these racial differences in density are still very much unknown. Greater sexual network density among Latino YMSM may be explained by the relatively smaller number of Latino young people in Chicago, however this explanation is unsatisfactory for Black YMSM as there are roughly the same number of Black and White young people in Chicago. These differences may also be driven by preferences for racial homophily, geographic proximity, or other partner selection preferences which are impacted by race, culture, and life circumstances. Future research is needed to tease apart these mechanisms.
There was significant assortativity by race, and our AC estimates were higher than the mean reported in a review of 15 prior network studies (0.58 vs. 0.45, respectively) [15] . The vast majority of the partners of Black and White YMSM were of the same race (82 and 75 % respectively), whereas Latino YMSM had a significantly lower proportion. However, once these proportions were set relative to racial/ethnic population distributions in Chicago, Latinos actually showed a higher in-group coefficent than Black and White YMSM. In terms of implications for HIV transmission, because race/ethnicity is associated with a number of factors related to HIV risk exposure, such as poor healthcare access, racial segregation of sexual networks will tend to increase racial differentials disfavoring underserved groups. High assortativity will also sustain differentials as HIV is less likely to be transmitted between groups. As such, the patterns of assortativity we found will tend to maintain or increase HIV disparities that already exist among YMSM.
In terms of relationships with sex partners, Black YMSM had a higher proportion reported as main partners than White and Latino YMSM. They were also significantly more likely to describe the strength of the relationship as ''very close'' than White YMSM. Prior studies of YMSM have repeatedly demonstrated that substantially more unprotected sex occurs with partners considered ''serious'' versus ''casual'' [6, 36, 58] , which may be in part driven by a sense of familiarity and safety of partners who are interpersonally close [59] . Nevertheless, Black YMSM did not have higher rates of condomless sex, so any role this may play on racial disparities must be independent of individual behavior. One possibility is that it may lead to dynamic changes in the network structure. For example, friendship may lead to increased sexual network linkages, which may increase local density and speed transmission within the network.
There were several important null results. No significant differences in rates of sexual concurrency were found. Prior modeling studies have shown that even small differences in concurrency can result in large group differences in STI prevalence [16, 17, 60] , but in our sample the White YMSM had a slightly (but non-significantly so) higher level of concurrency than the minority youth. Other studies of MSM have also not found differences in concurrency by race [20, 21] . Another null result was that while overall there was multiplexity in relationships, there were no significant differences in muliplexity for sex-drug or sex-social networks by race/ethnicity, although future work would benefit from examining how multiplexity may impact local sexual network structure and risk behaviors within sexual partnerships [37, 38] .
Results must be interpreted in the context of study limitations. Most importantly, all data was self-report, including characteristics of alters and associations between alters. Incorrectly reporting of this information would have introduced error into our models and if there were racial differences in reporting it could bias our estimation of group differences. While collecting data from all individuals in the network would eliminate some of this bias, it is infeasible to do so as the bounds of this population and the identities of all of its members cannot be ascertained.
In summary, we found significant differences in network characteristics that may help explain racial disparities in HIV among YMSM, which have previously been poorly understood through the study of individual behavior. Black YMSM were more likely to have older partners, partners from high prevalence neighborhoods, locally denser sexual networks, and had generally closed sexual networks as indicated by high assortativity by race. Our findings suggest that to eliminate racial inequities in HIV we may need to consider how network and geographic factors can be addressed through structural interventions in concert with prevention at the individual level. For example, our findings regarding the density of Black YMSM sexual networks, coupled with increased sexual partnerships with individuals from high prevalence neighborhoods, suggest that intensive interventions highly targeted to these networks and neighborhoods may have a larger impact on reducing new infections than more generalized and less intensive interventions.
